The synoptic-scale condition related to the intense rainfalls on August 17, 1968, over the Kiso-Hida and Nagara River Basin in the central part of Japan is studied by using European Center for Medium-Range Weather Forecasts 40-year reanalysis data and upper, synoptic-surface, local rain-gauge observation data and satellite cloud images.
Introduction
Many cases of intense rainfalls over Japan during June and July are accompanied by the Baiu front and Baiu frontal depressions. Many, but by no means all, cases of intense rainfalls in autumn are accompanied by a severe tropical storm (STS) or typhoon (TY). Meanwhile, many cases of intense rainfalls in midsummer occur under a situation different from the Baiu front and a STS or a TY. Such intense rainfalls have not been studied in depth yet. Studies on the various cases are needed to understand the occurring process and the nature of the intense rainfalls.
Intense rainfalls occurred on August 17, 1968, over the Kiso-Hida and Nagara River Basin in Gifu Prefecture, in the central part of Japan. This case is studied in this report as one of the important and significant intense rainfall events in the 20 th century. Although intense rainfalls occurred over the Kiso-Hida and Nagara River Basin, this case has been memorized as ''Hida River intense rainfalls'' since two buses with about a hundred victims fell into the Hida River by the violent landslips caused by the intense rainfalls. O‰cial weather summary (Japan Meteorological Agency 1968) stated that Hida River intense rainfalls occurred within a long cold-frontal cloud band that formed after the passage of a STS. Gifu Meteorological Observatory (1968) compiled a document on this case including the local meteorological data. This document pointed out that the intense rainfalls occurred within the long cold-frontal cloud band in association with the intrusion of the middle tropospheric dry air. Meanwhile, Okabayashi (1969) inferred that this cloud band was associated with a low-level moisture convergence zone formed in the tropical-subtropical air mass. Some of the descriptions in these preliminary reports were fragmental and not necessary consistent. However, further detailed and synthetic analysis on this case has not been performed yet since su‰cient observational data were obtained only over Japan. At present, European Center for Medium-Range Weather Forecasts 40-year reanalysis data (ERA-40 reanalysis data; Uppala et al. 2005 ) enables us to make physically consistent detailed analysis on this case.
In this report, the characteristic synoptic-scale conditions associated with Hida River intense rainfalls are studied by using the 6-hourly highresolution (1.125 Â 1:125 grid) ERA-40 data. Data of the upper air, synoptic-surface, and local rain-gauge observations over Japan, and ESSA satellite cloud images are also used for the analyses.
Overview of the intense rainfalls in the cloud band
Figures 1a and b show the map of sea-level pressure and 500-hPa geopotential height at 12 UTC August 17, 1968. There were two extratropical cyclones over @47 N and 124 E (indicated by A), and over @45 N and 135 E (B), respectively. Extratropical cyclone A formed under a 500-hPa cuto¤ low (C in Fig. 1b ). Extratropical cyclone B resulted from decaying STS Polly. The 12-hourly locations of STS Polly (at 12 UTC 15, 00 UTC 16, 12 UTC 16, and 00 UTC 17), are shown in Fig. 1a . STS Polly moved northeastward within cyclonic flows around the cut-o¤ low C. STS Polly changed into extratropical cyclone B around 06 UTC 17 as it moved over Primorskiy Region (far southeast of Siberian Russia).
Among 146 cases of STS and TY over the western North Pacific in the period 1966-1970, shown in ''Tropical Cyclone Tracks'' issued by Japan Meteorological Agency (JMA), STS Polly was an exceptional case that moved over Primorskiy Region after passing over the Japan Sea.
On the surface map, the center of the Okhotsk anticyclone (OA) was located over @47 N and 150 E. On both the surface and 500-hPa map, the North Pacific subtropical anticyclone (NPSA) extended westward to the East China Sea. A Fig. 2 . A narrow cloud band (indicated by I) extended from @25 N and 125 E to @40 N and 140 E, along the northwestern rim of the NPSA on the 500-hPa map. A relatively wide di¤used cloud band (II) extended along the western rim of the OA. It extended northwestward to the cloud vortex at @45 N and 135 E, which was associated with extratropical cyclone B. The cloud band II extended further westward to the north of the extratropical cyclone A. These cloud bands were accompanied by the respective moist belt in the lower troposphere (see Section 3), which was denoted as ''low-level moist belt (LMB)''. A cloud vortex at @17 N and 130 E was associated with a tropical depression (TD), which developed into tropical storm (TS) Shirley around 00 UTC 18.
STS Polly passed over the western Japan Sea during the 24 h between 00 UTC 16 and 00 UTC 17. In this period, intense orographic rainfalls occurred over the southeastern slope of the mountains in southwestern Japan (figure is not shown). The intense orographic rainfalls over southwestern Japan weakened around 00 UTC 17 as STS Polly decayed and moved far away from Japan. Meanwhile, intense rainfalls occurred within the cloud bands I and II on August 17. The 24-h (00 UTC 17-00 UTC 18) precipitation observed at synoptic stations over Japan is shown in Fig. 3 . While large precipitation over the northeastern Japan occurred in the cloud band II, large precipitation over the western and central parts of Japan occurred within the cloud band I. Among the synoptic stations, Kyoto (international station number 47-759, @35 N and 136 E) recorded a 24-h precipitation of 172 mm, which was concentrated in the short time span between 15 UTC and 18 UTC 17. Synoptic stations (see symbols in Fig. 3 ) did not detect Hida River intense rainfalls. However, the local rain-gauge network detected intense rainfalls in the vicinity of 35.5 N and 137 E. The area where the 24-h precipitation exceeded 100 mm is indicated by the blacked area in Fig. 3 . The intense rainfalls occurred at a distance of @1200 km south of extratropical cyclone B. The time series data of hourly precipitation at the rain-gauge station, Kamiaso, which is located in the middle of the blacked area, is shown in Fig. 3 . The intense rainfalls were concentrated in the short time span between 12 UTC and 20 UTC 17. Figure 4a shows the 24-h precipitation over the central part of Japan between 00 UTC 17 and 00 UTC 18 obtained by the local rain-gauge stations*. Figure 4b shows the topographical map of the central part of Japan. In this map, the Kiso, Hida, and Nagara Rivers are indicated as K, H, and N, * The rain-gauge data in Gifu Prefecture were obtained from Gifu Meteorological Observatory (1968) . The data in other prefectures were obtained from ''Monthly Weather Report'' issued by the respective Meteorological Observatories. respectively. The river basin opens to the south, while the western, northern, and eastern sides of the basin are bounded by mountains or highland areas. The intense rainfalls were concentrated within a small area of @100 km 2 in Kiso-Hida and Nagara River Basin. At a few rain-gauge stations in this area, the 24-h precipitation (00 UTC 17-00 UTC 18) exceeded 300 mm.
Around 12 UTC 17, low-level southwesterly winds prevailed over the area of the intense rainfalls (see Section 3). The low-level moist southwesterly flow, which flowed into the river basin through its southern gateway, was blocked by the orographic barrier to the north and east of the basin. The orographically induced mass-and moistureflux convergence as well as the orographically induced ascending motion were suitable conditions for the occurrence of the intense rainfalls. Actually, 17, 1968, and 00 UTC Aug. 18, 1968. (b) The topographical map of the central part of Japan. K, H, and N indicate the Kiso, Hida, and Nagara Rivers, respectively.
the most intense rainfalls appeared in the windward areas of the northern and eastern mountains. The horizontal gradient of precipitation was very sharp in the windward side of the intense rainfall area, while the horizontal gradient of precipitation was weak on the lee side. The analysis of the hourly precipitation (figure is not shown) indicated that the successive occurrence of a few mesoscale precipitation systems resulted in the large precipitation. The strong precipitation initiated rapidly over the river basin, in association with the development of the mesoscale precipitation systems. These mesoscale precipitation systems weakened gradually as they moved eastward. A l-shaped moist belt was seen on the map of 700-hPa q at 12 UTC 16 (Fig. 5a ). The eastern branch of the l-shaped moist belt extended northwestward from the western North Pacific o¤ the coast of eastern Japan (@36 N and 145 E) to the vicinity of STS Polly located over the Japan Sea (@39 N and 130 E). The western branch of the lshaped moist belt extended northeastward from the southern part of the East China Sea (@25 N and 129 E) to the vicinity of STS Polly. In addition, the ''southern short moist belt'' extended northwestward from the Pacific o¤ the coast of Japan (@27 N and 140 E) to western Japan (@30 N and 136 E). On the map of the 925-hPa wind velocity (Fig.  5b) , the synoptic-scale cyclonic circulation of extratropical cyclone A was located over @44 N and 124 E. The center of STS Polly was at @38 N and 130 E. The western branch of the l-shaped moist belt was associated with the low-level strong cyclonic flows around STS Polly, while the eastern branch was associated with the southeasterly flows from the western North Pacific o¤ the coast of eastern Japan (@36 N and 143 E) to the vicinity of STS Polly. The southern short moist belt was seen to the west of the small anticyclone D over the Pacific (@30 N and 143 E). The 700-hPa moist belt over the Japan Sea and the coastal area of the continent (@41 N and 130 E) was accompanied by the 775-hPa o of @À30 hPa h À1 (ascending motion, Fig. 5c ). However, the southern part of the western branch of the l-shaped moist belt, the eastern branch and the southern short moist belt were associated with a weak ascending motion (775-hPa o of @À4 hPa h À1 ). Dry air over the East China Sea appeared to the rear of STS Polly. This dry area was accompanied by a descending motion of 4-8 hPa h À1 . Figures 6a, b, and c show the 700-hPa specific humidity (q), 925-hPa wind velocity, and 775-hPa o at 12 UTC 17, respectively. During the 24 h after 12 UTC 16, the moisture distribution at 700 hPa changed as STS Polly moved to the Primorskiy Region (@46 N, 135 E). The eastern and western branch of the l-shaped moist belt seen in Fig. 5a changed into LMBs M and L on Fig. 6a . LMB L turned northwestward as LMB M, which extended along the western rim of the OA to extratropical cyclone B. It extended further toward extratropical cyclone A as LMB N. LMBs L and M were accompanied by cloud belts I and II, respectively. While LMB L was associated with the 925-hPa flows along the northwestern rim of the NPSA, LMB M was associated with the 925-hPa southerly flows along the western rim of the OA. The southern short moist belt seen at 12 UTC 16 remained as LMB L* at 12 UTC 17. LMB L* was associated with the southerly flow along the western rim of the small anticyclone D. Thus, the synoptic-scale environment of Hida River intense rainfalls was characterized by the cloud belt I associated with the LMBs L and L*.
The large 775-hPa upward motion (o of @À30 hPa h À1 ) appeared to the southeast of STS Polly (@44 N, 137 E). The large 775-hPa upward motion of @À12 hPa h À1 also appeared in LMB L over the central part of Japan. However, the southwestern part of the LMBs L and L* were not associated with significant upward motion. This indicated that horizontal moisture advection was the primary process to sustain the large q in these parts.
The dry area seen in the vicinity of the Korean Peninsula at 12 UTC 16 (Fig. 5a ) spread northeastward over the Japan Sea as STS Polly moved northeastward. The 700-hPa dry zone, which extended from northern China (@45 N, 110 E) to the northern part of the Korean Peninsula (@37 N, 127 E), was accompanied by subsidence (o of 8-16 hPa h À1 ). However, the dry zone over the Japan Sea was not associated with significant subsidence. This indicated that horizontal dry advection was the primary process to sustain the dry zone over the Japan Sea.
It is added that Hida River intense rainfall was not accompanied by a significant low-level jet stream. On the map of 925-hPa wind velocity (Fig.  6b) , strong southerly winds of @20 m s À1 prevailed to the southeast of extratropical cyclone B. Relatively strong westerly winds of @10 m s À1 appeared along the northern rim of the NPSA and the western rim of the small anticyclone D. However, distinct low-level jet stream was not seen in the vicinity of the intense rainfall area. At 850 and 700 hPa (figure is not presented), strong winds appeared over the Japan Sea at 12 UTC 16 and 00 UTC 17. However, the winds over the Japan Sea decreased as STS Polly moved to Primorskiy Region. At 12 UTC 17, significant low-level jet was not seen in the vicinity of central Japan. It was also noted that the meso-a-scale depression was not found in association with the intense rainfalls over the central part of Japan.
Characteristics of the LMB and dry front
Prior to the detailed description of the present case, the climatological feature of East Asia in midsummer is briefly described. The feature in midsummer is widely di¤erent from the feature in the Baiu period, as described by Akiyama (1973) . In midsummer, polar continental air retreat to the northern part of the Asian Continent north to @50 N.
Asian Continent to the south of @45 N, the East China Sea and the Japan Sea are covered by the warm tropical-subtropical air. Meanwhile, the Okhotsk Sea and the western North Pacific are still covered by cool polar maritime air. Consequently, the zone of large temperature gradient usually appeared along the northern and eastern boundaries of the warm tropical-subtropical air.
Figures 7a and b show the 925-hPa temperature (T ) and specific humidity (q) at 12 UTC 17. The magnitude of the horizontal gradient of 925-hPa T and that of q are shown in Figs. 8a and b. The winds from the OA transported cool air, while the winds from the subtropical Pacific transported warm air (Fig. 6b) . Large thermal gradient was thus sustained along the boundary of these two flows (Fig. 7a, 8a ). The zone of the largest thermal gradient (indicated by F) of @2 K (100 km) À1 elongated northwestward, along the western rim of the OA, from the Pacific o¤ the coast of northeastern Japan (@38 N and 146 E) to extratropical cyclone B. Around extratropical cyclone B, zone F turned westward as the zone of strong thermal gradient G extending further westward from the extratropical cyclone B.
In Fig. 7b , LMB L was seen as a narrow belt with q of 16-17 g kg À1 extending along the northwestern rim of the NPSA from the tropical Pacific (@20 N, 127 E) to the Japan Islands, and LMB L* appeared along the western rim of the small anticyclone D.
In Fig. 8b , a zone with a large moisture gradient F of @1.5 g kg À1 (100 km) À1 extended along the western rim of the OA, northwestward from the Pacific o¤ the coast of northeastern Japan to extratropical cyclone B. Around extratropical cyclone B, zone F turned westward as zone of strong moisture gradient G, which extended further westward from extratropical cyclone B. The zone of strong thermal and moisture gradient F corresponded to the warm frontal zone between the warm subtropical air over the Japan Sea and the cool polar maritime air mass over the Okhotsk Sea. The cloud belt II (Fig. 2a) was associated with this warm frontal zone. The zone of strong thermal and moisture gradient G corresponded to the cold frontal zone between the cool air over the northeastern Asian Continent and warm subtropical air over the Japan Sea. In addition, a zone of strong moisture gradient at 925 hPa of @1.5 g kg À1 (100 km) À1 , extending along the Japan Sea coast of Japan (indicated by H). Zone H was the boundary between the dry area over the Japan Sea and LMB L. The zone of strong moisture gradient H was not accompanied by measurable thermal gradient. The cloud band I and the moist belt L were not accompanied by the so-called cold front defined by the large thermal gradient. Therefore, the zone of strong moisture gradient H was not signified as the cold front. The zone of strong moisture gradient without measurable thermal gradient was signified by ''the moisture front,'' which is ''the front defined by the moisture discontinuity on the map, without the thermal discontinuity'' (Ninomiya and Shibagaki 2007) . In this study, the moisture front H is called ''the dry front'' to emphasize the southeastward intrusion of the dry air over LMB L.
Another notable feature was the high temperature at 925 hPa (@24 C) over the northwestern Japan Sea (@40 N, 130 E). This high temperature appeared in association with small 925-hPa q of @10 g kg À1 and 775-hPa o of 16 hPa h À1 (descending motion). Figure 9a shows vq (horizontal flux of q) at 925 hPa at 12 UTC 17. A relatively large flux of @150 g kg À1 m s À1 appeared along LMBs L and L*. Figure 9b shows the horizontal divergence of vq at 925 hPa at 12 UTC 17. The large convergence of vq appeared over the cloud belt II associated with the warm frontal zone F. The confluence of vq along LMB L with vq along LMB L*, and the orographic convergence of vq over the central part of Japan resulted in a large convergence of vq over @36 N and 137 E. Existence of LMB L* along the small anticyclone D was one of the key features of the present case since the moisture transport via LMB L* contributed to the generation of Hida River intense rainfalls. Figures 10a and b show the specific humidity (q) and wind velocity (v) at 500 hPa at 12 UTC 17. While the center of dry area at 925 hPa was located over @39 N and 131 E (Fig. 7b) , the center of the dry area at 700 hPa was located over @39 N and 136 E (Fig. 6a) . The center of the dry area at 500 hPa shifted further eastward over @40 N and 140 E (Fig. 10a) . The 500-hPa dry area was wider than that at 925 hPa. Since the vertical velocity (o) was small over the central and eastern parts of the Japan Sea, the di¤erence between the dry area at 925 hPa and that at 500 hPa was mainly due to the di¤erence between the winds at these two levels. At 925 hPa, southerly winds prevailed around eastern Japan (34-45 N and 138-145 E, Fig. 6b ), while WSW winds prevailed at 500 hPa around eastern Japan (Fig. 10b) . The horizontal dry advection at 500 hPa around eastern Japan resulted in the eastward extension of the dry area at 500 hPa.
Intrusion of midtropospheric dry air over LMB L
The displacement of dry area at 925 hPa and at 500 hPa, from 12 UTC 16 and 12 UTC 17, is indi- À5 g kg À1 s À1 ) at 925 hPa at 12 UTC Aug. 17, 1968. cated in Fig. 7b and Fig. 10a , respectively. The displacement of the dry area at 500 hPa was di¤erent from that at 925 hPa. The dry area at 925 hPa appeared to the southwest of STS Polly, while the dry area at 500 hPa moved from the west along the southern side of the cut-o¤ low C at 500 hPa (Fig. 10b) .
The vertical structure of these moist zones and dry front in the vertical cross sections is examined next. Longitude-height (log p) section along 36.4 N of relative humidity and the ''moist static temperature'' at 12 UTC 17 is shown in Figs. 11a and b, respectively. Longitude-height section along 36.4 N of specific humidity q and the ''static temperature T s '' at 12 UTC 17 is shown in Figs.  12a, b , respectively.
The terms moist static temperature T m and static temperature T s are used for the convenience of the descriptions in the following sections. They are defined as
Here, h, s, T, z, q, g, c p , and L are the moist static energy, static energy, temperature, geopotential height, specific humidity, acceleration of gravity, specific heat of air at constant pressure, and latent heat of water, respectively.
The latitude line of 36.4 N crosses LMBs L and M (see Fig. 6b, 7b, 10a) . In Figs. 11a and b, LMB M, which was associated with the eastward tilted warm frontal zone F, appeared over @147 E, while LMB L was located over @138 E. The sharp moisture gradient between the dry area over the Japan Sea and LMB L was seen over @135 E. Around 135 E, a dry layer protruded eastward over the low-level moist layer. In Fig. 11b , the highest T m in the lower troposphere appeared within LMB L (@138 E). The thick layer with moist neutral stratification (the layer with vertically uniform T m ), which indicated the convective mixed layer, was formed between 700 and 500 hPa over the zone of the highest T m (at @138 E) in the lower troposphere.
In Figs. 12a , b, the largest longitudinal gradient of q was seen around 600 hPa between 134 and 136 E, to the east of the middle tropospheric dry layer. Meanwhile the longitudinal gradient of T s was very small around 600 hPa between 134 and 136 E. It was also noted that the relatively large longitudinal gradient of T s (@4 K (500 km) À1 ) was seen between 450 and 250 hPa over [130] [131] [132] [133] [134] [135] E to the east of relatively cold air, which was associated with the weak trough at 300-200 hPa extending from the cut-o¤ low (C). However, significant upper tropospheric frontal layer was not found in the radiosonde observation data at Yonago (international station number 47-744, @35.5 N and 133.5 E) on the emagram (log p À T diagram, not shown). Latitude-height (log p) section along 137.25 E of relative humidity and T m at 12 UTC 17 is shown in Figs. 13a and b , respectively. The meridian of 137.25 E crossed LMBs N and L, the dry area over the Japan Sea, and the dry area over the Pacific (Fig. 10a ). LMB N appeared over @47 N, while LMB L was located over @36 N. The dry area over the Japan Sea was seen over @39 N. Around 37 N, the dry layer protruded southward over LMB L. Another dry area appeared over the Pacific (@32 N). The frontal zone G at 925 hPa (Fig. 8a ) was seen over @45 N. This frontal zone tilted northward with increasing height. In Fig.  13b , the highest T m in the lower troposphere appeared within LMB L (@36 N). The thick layer with moist neutral stratification was formed between 700 and 550 hPa over the zone of the highest T m . Features of the low-level moist belt and the dry layer in the middle troposphere were further examined by using the upper observation data over Japan. The upper observation data at Wajima (international station number 47-600) and at Tateno (47-646) on the emagram at 12 UTC 17 are shown in Figs. 14a, b , respectively. These emagrams show a thin stable layer that separated the upper dry layer from the lower moist layer. In each emagram, the base of the stable layer (i.e., the base of the dry front) is indicated by an arrow. Figure 14c shows the pressure at the base of the stable layer obtained from radiosonde observations at 12 UTC 17. The height of the lower boundary of the dry layer (bottom of the dry front) increased southeastward. The intrusion of middle tropospheric dry air over LMB L was one of the key features related to Hida River intense rainfalls.
Figures 15a, b shows T m at 850 and 600 hPa at 12 UTC 17, respectively. At 850 hPa, T m in LMB L exceeded @340 K, while T m in LMB L* was @338 K. At 600 hPa, T m in LMB L was @330 K. (At this level, LMB L* was not seen.)
The convective instability (CI), in the 600-850-hPa layer, was defined as
Figure 15c presents CI at 12 UTC 17. Convectively stable areas spread over Siberian Russia, the Sea of Okhotsk, and the western North Pacific, while convectively unstable areas spread over the subtropical China and subtropical oceanic areas. An area of significant convectively unstable area, with a CI of @À4 K (100 hPa) À1 , appeared over the central part of Japan.
The time change of CI due to ''di¤erential advection of T m '' is given by
The time change (tendency) of CI evaluated by eq. (3) in the layer between 600 and 850 hPa at 12 UTC 17 is shown in Fig. 15d . The change of the convective instability of @À0.4 K (100 hPa) À1 h
À1
(increase of convective instability) was seen in the cloud belt II. The significant increase of the convective instability was also evaluated in the cloud belt I over the @36 N and 137 E. Under this unstable stratification, a slight amount of orographically induced lifting could trigger convective overturning.
Change in the synoptic-scale condition related with the disappearance of intense rainfalls
The intense rainfalls over the Kiso-Hida and Nagara River Basin were over around 20 UTC 17 (see the time series of precipitation at Kamiaso in Fig. 3 ). The change in the synoptic-scale condition, related to the end of the intense rainfalls, is briefly described. Figures 16a, b show the sea-level pressure and 925-hPa moisture transport at 00 UTC 18. Extratropical cyclones A and B weakened gradually after 12 UTC 17. At 00 UTC 18, extratropical cyclone B disappeared from the surface map. In association with the weakening of these cyclones, the western tip of the NPSA shifted northward onto the Korean Peninsula. Simultaneously, the moisture transport in the lower troposphere changed significantly. At 00 UTC 18, the northeastward moisture transport at 925 hPa into the river basin disappeared. The moisture-flux convergence over the river basin decreased simultaneously (figure is not shown). CI over the central part of Japan changed from À5 K (100 hPa) À1 to À3 K (100 hPa) À1 , during the 12-h period after 18 UTC 17 (figure is not shown). Significant ascent motion disappeared over the central part of Japan at 00 UTC 18 (figure is not shown). These changes in the synoptic-scale environment resulted in the termination of intense rainfalls.
Discussions
The synoptic-scale features associated with Hida River intense rainfalls are compared with the synoptic-scale features found in other cases of intense rainfalls. The comparison with various cases is useful for understanding the characteristics of Hida River intense rainfalls.
(1) The association of the long, narrow moist belt with the intense rainfalls LMB L of the present case, ''Baiu frontal moist tongue,'' ''warm conveyer belt,'' and ''atmospheric river'' exhibited a common feature. All of them were signified as the long moist belt in the lower troposphere. The large northeastward moisture transport in these zones had the essential role of sustaining intense rainfalls in the vicinity of the eastern tip of these zones. However, there were significance di¤erence between LMB L and others, as described below. Matsumoto et al. (1971) , Akiyama (1973) , Ninomiya and Murakami (1987) , Akiyama (1993), and Ninomiya (2000) elucidated that many cases of the Baiu frontal intense rainfalls were accompanied by the long, narrow moist belt extending along the northwestern rim of the NPSA, which was signified as the moist tongue. The large moisture transport in the moist tongue was one of the important synoptic-scale conditions for the Baiu frontal intense rainfalls. In many cases, the moist tongue was accompanied by the low-level jet stream. However, Hida River intense rainfalls were not accompanied by a distinct low-level jet stream. The typical Baiu front was associated with a thermal gradient of a certain magnitude, while LMB L was not associated with significant thermal gradient. Baiu frontal intense rainfalls were usually associated with a meso-a-scale frontal depression, while the present case was not associated with meso-a-scale depression. The warm conveyer belt has been proposed (Browning 1986 (Browning , 1990 (Browning , and 1999 ) as the conceptual model to elucidate the moisture transport sustaining the precipitation in the vicinity of the extratropical cyclone. Browning also signified the upper level front with large humidity gradient without significant thermal gradient as ''humidity front.'' However, the occurrence of large precipitation over the area @1000 km away from the extratropical cyclone was not mentioned in his articles. Bao et al. (2006) described the features of enhanced integrated water vapor bands associated with extratropical cyclones in connection to tropical moisture. The very long moist belt has been signified by atmospheric river (AR) (e.g., Ralph et al. 2005) . Neiman et al. (2008) stated that the combination of lower-tropospheric moist neutrality, strong horizontal winds directed toward elevated terrain, and large water vapor content yield conditions that were ripe for the occurrence of heavy orographic precipitation, along the west coast of North America in the midlatitudes, in geographically focused regions where the narrow ARs make landfall. Many cases of the AR occurred over the eastern North Pacific in autumn and extended between the cold front and the northern rim of the North Pacific subtropical anticyclone. Meanwhile, LMB L was not accompanied by the cold front.
(2) Dry area formed behind the decaying tropical storm Formation of dry area behind the decaying tropical storm in the vicinity of Japan has been studied by several authors. Muramatsu (1982) described, in a case study of TY Owen in 1979 , that the intrusion of dry air in the lower-middle troposphere toward the center of the TY was an important process for the extratropical transformation of the TY. He also described the cold-front generation to the southwest of the transformed cyclone. Kitabatake (2002) described, in a case study on the extratropical transformation of TY Vicki in 1998, that ''to the west of the cyclone, middle tropospheric dry air, which was accompanied by the approaching upper tropospheric disturbance, descended into the cyclone and induced active convection to just west of the cyclone eye.' ' Suzuki (2000) described the characteristics of the extratropical transition of tropical cyclones in satellite imagery for 22 cases. During the transition, a ''dark area'' on water vapor imageries intruded into the center of STS and/or TY from the west, and a convective cloud line extended southward from near the cyclone center, which corresponded to cold frontogenesis.
However, the intense precipitation in part of the very long cloud band, at a distance of @1000 km from the transformed STS was not mentioned in their article. In addition, cloud band I was not signified as a cold-frontal cloud band since the associated thermal gradient was very weak. The cases studied in these articles were the extratropical transition of STS over the western North Pacific o¤ the coast of northeastern Japan, while the transition in the present case occurred over the far-east Siberian Russia, where the synoptic-scale environment was di¤erent from that in the western North Pacific.
(3) Comma cloud and dry intrusion
The large comma-shaped cloud pattern associated with an extratropical cyclone has been signified as ''comma cloud.'' Several articles (Carson 1980, Carr and Millard 1985) described that the comma cloud pattern was formed by ''dry intrusion,'' which separated the cloud head and the polar frontal cloud band. Although the cloud pattern shown in Fig. 2 resembled with the socalled comma cloud, the cloud belt I was not formed along the boundary between subtropical airs and polar airs. It was formed within the subtropical air and accompanied by the dry front, not by the cold front.
(4) Influence of the cold front aloft to the east of the dry trough on the intense rainfalls Lott (1954) stated that ''Holt intense rainfalls'' (world record rainfall rate of 305 mm in 42 min on June 22, 1947, at Holt, Missouri, U.S.A) was accompanied by a squall line formed in front of the surface cold front. Locatelli and Hobbs (1995) amined the Holt intense rainfalls and stated that the surface cold front decided by the earlier analysis was a dry trough and that cold frontogenesis aloft was located at 700 hPa to the east of the dry trough, close to the location of the squall line that produced intense rainfalls. The present case resembles the Holt intense rainfalls in that the intense rainfalls were not directly related to the surface front. However, the present case was di¤erent from Holt intense rainfalls in that the intense rainfalls were accompanied by the dry front in the middle troposphere and not by the significant cold front aloft.
While the dry trough in Holt intense rainfalls was evident at the surface, the dry front in the present case was not found at the surface (at a 2-me level above the surface, figure not shown), since the lowermost air over the Japan Sea was moistened by the evaporation from the sea surface. ERA-40 reanalysis data showed an evaporation of @3 mm d À1 on the average on August 17 (figure is not shown).
(5) Influence of the North Pacific subtropical anticyclone on the intense rainfalls Both the AR over the eastern North Pacific and the Baiu frontal moist tongue over the western North Pacific were sustained along the northern rim of the NPSA. In the present case, not only the NPSA but also the small anticyclone embedded in NAPS had strong influence on Hida River intense rainfalls since the southerly wind along the western rim of the small anticyclone transported moisture into the Kiso-Hida and Nagara River Basin. Although similar small anticyclones embedded in NPSA have been seen sometimes on the surface map, their influence on the intense rainfalls over Japan has not been studied in depth. About this, some additional study will be needed in the future.
Concluding remarks
Hida River intense rainfalls, which occurred over the Kiso-Hida and Nagara River Basin, in central Japan, on August 17, 1968, were studied as one of the important and significant heavy rainfalls in the 20 th century. Characteristics of synoptic-scale conditions related to heavy rainfalls was studied by using ERA-40 reanalysis data, upper, synopticsurface, local rain-gauge observation data and satellite cloud images. The present study pointed out the following characteristics of the Hida River intense rainfalls.
The intense rainfalls occurred within a long cloud belt formed with a low-level moist belt (LMB), which was formed along the northwestern rim of the North Pacific subtropical anticyclone (NPSA). Hida River intense rainfalls occurred at a distance of @1200 km south of the extratropically transformed STS located over the far-east Siberian Russia. The northern edge of the LMB was bounded by the dry air, which spread over the Japan Sea after the passage of the STS. The northern boundary of the LMB was signified as the dry front since the associated thermal gradient was very weak. The dry front was not seen in the lowermost layer since considerable moisture flux was supplied from the Japan Sea surface. The height of the dry layer (dry front) base increased southeastward. The LMB was sustained by the large-scale moisture transport along the northern rim of the NPSA and mesoscale moisture transport along the western rim of the small anticyclone embedded in the NPSA. Intense convective rainfalls occurred in the cloud belt over the Kiso-Hida and Nagara River Basin in association with the increase in the convective instability due to the southeastward intrusion of the middle tropospheric dry air over the LMB. Under these synoptic-scale conditions, intense rainfalls took place in association with the orographic mass and moisture convergence over the river basin. The environmental conditions related to Hida River intense rainfalls were schematically shown in Fig. 17 . Unlike the typical Baiu frontal intense rainfalls, the significant low-level jet stream and the meso-a-scale depression was not found in association with the intense rainfalls of the present case. The detailed analysis of the mesoscale precipitation systems and the simulation study by using the mesoscale model are also important to further our understanding of this case. However, the present report does not cover these remaining problems.
